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Clinical PerspectiveWhat Is New?Previous studies included only a small proportion of black adults and may have included participants with unrecognized left ventricular systolic dysfunction, a strong predictor of heart failure, and therefore been prone to confounding and reverse causation biases.In this prospective analysis, a large cohort of community‐dwelling black adults with a broad age range and only preserved ejection fractions were studied. Increasing levels of moderate to vigorous physical activity were significantly associated with decreasing risk of incident heart failure hospitalization in a dose‐response fashion in this population.What Are the Clinical Implications?Given that black adults are at risk to develop heart failure due to a high prevalence of obesity, hypertension, and diabetes mellitus, encouragement of moderate to vigorous physical activity, in conjunction with careful management of comorbid conditions, should be considered for at‐risk black adults with normal ejection fractions.

Introduction {#jah32543-sec-0008}
============

Approximately 5.1 million adults in the United States have heart failure (HF), which is associated with high morbidity and mortality.[1](#jah32543-bib-0001){ref-type="ref"} The economic burden of this disease imposed on the public is substantial, with an estimate total cost of \$31 billion. It is predicted to increase to \$70 billion by 2030.[2](#jah32543-bib-0002){ref-type="ref"} Especially for black adults, the majority of HF is HF with preserved ejection fraction (HFpEF), for which there is no effective treatment.[3](#jah32543-bib-0003){ref-type="ref"} Consequently, focusing on prevention is indicated. In contrast, asymptomatic left ventricular systolic dysfunction is associated with the development of HF with reduced ejection fraction, for which there is effective prevention and treatment with afterload reduction---angiotensin‐converting enzyme inhibitor, hydralazine, and nitrates.[4](#jah32543-bib-0004){ref-type="ref"}

Physical activity is beneficial in preventing the development of many chronic diseases and may also improve control of these diseases if one were to have already acquired them. In patients with HF, exercise tolerance is limited. Nevertheless, exercise is still recommended because it improves exercise capacity and quality of life.[5](#jah32543-bib-0005){ref-type="ref"} Compared with the white population, physical activity may be more beneficial in the black population given the increased rate of disease,[6](#jah32543-bib-0006){ref-type="ref"} risk of earlier disease presentation,[7](#jah32543-bib-0007){ref-type="ref"} difference in response to physical activity,[8](#jah32543-bib-0008){ref-type="ref"} and lower levels of physical activity.[9](#jah32543-bib-0009){ref-type="ref"}

Results from previous studies demonstrated that greater physical activity in middle‐aged and older participants was associated with reduced risk of HF.[10](#jah32543-bib-0010){ref-type="ref"}, [11](#jah32543-bib-0011){ref-type="ref"}, [12](#jah32543-bib-0012){ref-type="ref"}, [13](#jah32543-bib-0013){ref-type="ref"} These studies, however, incorporated only small proportions of black participants and may have included persons with unrecognized left ventricular systolic dysfunction, a strong predictor of HF, and therefore been prone to confounding and reverse causation biases. Our study included community‐dwelling black participants with a broad age range and only preserved ejection fractions---a population that has not been examined previously in such detail.

The association of moderate to vigorous physical activity (MVPA) with HF in black adults, an at‐risk population, is underresearched. The purpose of this study was to explore whether greater physical activity was associated with lower incidence of HF among black adults after accounting for age, sex, and other comorbidities in those with normal ejection fractions. The JHS (Jackson Heart Study) provides a large cohort of black participants and contains data to study HF incidence in this at‐risk population. We hypothesized that black adults who spent more time performing MVPA would have lower risk of HF compared with those who were sedentary.

Methods {#jah32543-sec-0009}
=======

Study Population {#jah32543-sec-0010}
----------------

The JHS is an observational study of black participants from Hinds, Madison, and Rankin counties and Jackson, Mississippi. Because cardiovascular disease is prevalent among black adults, the primary focus of the JHS was to identify risk factors in this population and to seek ways to mitigate cardiovascular risk. The study design and the process of recruitment were described in detail elsewhere.[14](#jah32543-bib-0014){ref-type="ref"}, [15](#jah32543-bib-0015){ref-type="ref"} Briefly, the JHS cohort consisted of noninstitutionalized black adults aged 21 to 95 years at baseline. Between 2000 and 2004, 5301 participants were recruited. They completed questionnaires, physical examinations, and baseline echocardiographic and spirometric evaluations. We performed a prospective analysis to investigate the association of MVPA and HF hospitalizations (HFHs) among black adults. We excluded participants with a history of previous HFHs to define a disease‐free cohort for etiologic analysis. We also excluded participants who had missing MVPA data (n=5), covariate data (n=132), no follow‐up data to allow ascertainment of HF events (n=684), or reduced (\<50%) or missing ejection fraction (n=414). Our analytic cohort comprised 4066 participants.

The JHS followed guidelines expressed by the Declaration of Helsinki, and all participants completed written informed consent. The institutional review boards at the participating institutions approved the study. The available data contained deidentified information.

Exposure {#jah32543-sec-0011}
--------

### Physical activity {#jah32543-sec-0012}

MVPA duration was obtained using the American Heart Association (AHA) Life\'s Simple 7 questionnaire.[16](#jah32543-bib-0016){ref-type="ref"} The categories of MVPA were defined by the US Department of Health and Human Services in 2008.[17](#jah32543-bib-0017){ref-type="ref"}, [18](#jah32543-bib-0018){ref-type="ref"} They have been used in studies as standards to define moderate and vigorous physical activity from metabolic equivalent data.[9](#jah32543-bib-0009){ref-type="ref"}, [19](#jah32543-bib-0019){ref-type="ref"} Participants were asked the question, "How much physical activity do you get in a week?" They were asked to provide the number of minutes of moderate and/or vigorous activity. Moderate‐intensity activity was defined as follows: "A person doing moderate‐intensity aerobic activity can usually talk, but not sing, during the activity." Vigorous‐intensity activity was defined as follows: "A person doing vigorous‐intensity activity usually cannot say more than a few words without pausing for a breath." Based on the number of minutes, MVPA was categorized into 3 groups: participants who performed 0 minutes of MVPA were classified as having poor health, those who performed 1 to 149 minutes were classified as having intermediate health, and those who performed ≥150 minutes were classified as having ideal health.

Outcome {#jah32543-sec-0013}
-------

### Incident HFH {#jah32543-sec-0014}

The primary outcome of interest in this study was incident HFH from January 1, 2005, to December 31, 2012. Trained interviewers conducted annual follow‐up telephone interviews to ascertain any significant health events since the last JHS contact, including diagnostic tests, hospitalizations, or death. HFH data were obtained from the annual follow‐up data and hospital discharge records from all catchment‐area hospitals. Data from non--catchment‐area hospitals were obtained after obtaining patient consent. HFH was adjudicated by trained medical personnel based on the relevant *International Classification of Diseases, Ninth Revision, Clinical Modification* codes. The self‐reported data from the annual follow‐up telephone interviews were reconciled with hospital discharge records.[20](#jah32543-bib-0020){ref-type="ref"}, [21](#jah32543-bib-0021){ref-type="ref"}

Covariates {#jah32543-sec-0015}
----------

The following demographic, anthropometric, and disease variables were previously associated with HFpEF.[22](#jah32543-bib-0022){ref-type="ref"}, [23](#jah32543-bib-0023){ref-type="ref"} Baseline demographic characteristics included age and sex. Age was presented as a continuous variable, and self‐reported sex was presented as a binary variable. Body mass index (BMI) was based on weight and height obtained at the baseline visit and presented as a continuous variable. Smoking was derived based on self‐reported lifetime number of cigarettes smoked and current smoking status and categorized into 3 groups: never smoked, former smoker, and current smoker.

The presence of hypertension was defined as blood pressure ≥140/90 mm Hg per the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure[24](#jah32543-bib-0024){ref-type="ref"} or use of blood pressure--lowering medication. The presence of diabetes mellitus was defined based on the 2010 American Diabetes Association guidelines.[25](#jah32543-bib-0025){ref-type="ref"} Participants were classified as having diabetes mellitus if fasting glucose was ≥126 mg/dL, HbA1c level was ≥6.5%, or use diabetic medication was used within 2 weeks before the clinic visit.

Chronic obstructive lung disease (COPD) was defined per the GOLD (Global Initiative for Chronic Obstructive Lung Disease) guidelines as having a derived ratio of forced expiratory volume \>1 second to forced vital capacity of \<0.70.[26](#jah32543-bib-0026){ref-type="ref"} History of coronary heart disease (CHD) was defined as having a previous myocardial infarction that was self‐reported or noted from an ECG report. Chronic kidney disease was defined as having a glomerular filtration rate of \<60 mL/min per 1.73 m^2^. Atrial fibrillation was defined based on the participant having Minnesota code 8‐3‐1 for electrocardiographic findings.

Statistical Analyses {#jah32543-sec-0016}
--------------------

Descriptive statistics were used to characterize the study sample. Continuous variables were presented as means and standard deviations. Categorical variables were presented as counts and percentages. ANOVA was used to test for difference of continuous variables, and the χ^2^ test was used to test for difference of categorical variables across the physical activity categories. We calculated person‐time, incident HF rates per 1000 person‐years for the eligible cohort and across levels of physical activity, and the respective confidence intervals.

We used Cox proportional hazards regression models to examine the relationship between MVPA and incident HFH and accounted for confounders that influenced this relationship. The proportional hazards assumption was examined and verified. Results were reported as hazard ratios (HRs) of the outcome for each level of MVPA compared with the referent group (poor health). We analyzed the association between MVPA and incident HFH with several models adjusting for age and sex and for age, sex, BMI, and covariates. Participants who died before the incident HF event were censored. To investigate whether censoring these participants significantly affected the estimates of incident HF, we conducted a sensitivity analysis by using a competing‐risk model, as described by Fine and Gray.[27](#jah32543-bib-0027){ref-type="ref"} The estimates from this analysis were presented as sub--hazard ratios.

Because development of HF may vary between men and women, as demonstrated in the NHANES I (first National Health and Nutrition Examination Survey) study, and obesity may increase HF risk,[10](#jah32543-bib-0010){ref-type="ref"}, [28](#jah32543-bib-0028){ref-type="ref"} we also examined effect modification by including interaction terms of sex and BMI in the model. *P*\<0.10 for the interaction term was considered significant.

Of the 5301 participants, 253 did not have ejection fraction data. Because some of these participants may potentially have normal ejection fraction, we performed a sensitivity analysis to examine whether including them in the eligible cohort would substantially change the regression estimates compared with our original analysis.

Physical activity is associated with cardiovascular disease (CVD) risk, and CVD is associated with HF.[29](#jah32543-bib-0029){ref-type="ref"} To examine this relationship, we performed mediation and sensitivity analyses. We used a 4‐step approach for mediation analysis, as described by Baron and Kenny.[30](#jah32543-bib-0030){ref-type="ref"} We used logistic regression models to examine the relationships between (1) MVPA and incident HF, (2) MVPA and CVD, (3) CVD and incident HF, and (4) MVPA and incident HF controlling for CVD. If all 4 models showed a significant association, then the analyses suggest partial mediation. If the first 3 models showed a significant association but the last model did not, then they suggest complete mediation. In addition, we performed sensitivity analyses by either controlling for incident CHD or by excluding participants with incident CHD and compared those effect estimates to the one from the original analysis.

Given that this is an observational study, we attempted to address reverse causation. We excluded participants with ejection fraction \<50% to obtain a study population with preserved ejection fractions. Besides just categorizing HFpEF based on ejection fraction, we performed sensitivity analyses examining comorbid conditions that are associated with HFpEF as well as physical activity. These conditions include COPD and atrial fibrillation, which could lead to the development of pulmonary hypertension and, by themselves, could limit functional capacity.[31](#jah32543-bib-0031){ref-type="ref"} We repeated the analyses by excluding participants with COPD or atrial fibrillation.

All statistical analyses were performed using STATA version 13.0 (StataCorp).

Results {#jah32543-sec-0017}
=======

Baseline Characteristics {#jah32543-sec-0018}
------------------------

Baseline characteristics and distribution of these characteristics by physical activity are presented in Table [1](#jah32543-tbl-0001){ref-type="table-wrap"}. Table [S1](#jah32543-sup-0001){ref-type="supplementary-material"} compares baseline variables of those in the analytic cohort with those of the excluded cohort, showing no difference between the 2 groups except for the prevalence of comorbid conditions. Some of this discrepancy may be explained by the presence of those with reduced ejection fractions in the excluded cohort.

###### 

Characteristics of the JHS Population at Baseline Visit by Physical Activity, 2000--2004

                                                                                          AHA Physical Activity Categories                               
  ------------------------------------------------------------------------ -------------- ---------------------------------- ------------- ------------- ---------
  Age, y                                                                   55.01±12.43    57.30±12.09                        53.50±12.14   52.05±12.70   \<0.001
  Sex                                                                                                                                                    \<0.001
  Female                                                                   2621 (64.46)   1277 (66.34)                       881 (66.14)   463 (57.23)   
  Male                                                                     1445 (35.54)   648 (33.66)                        451 (33.86)   346 (42.77)   
  Body mass index, kg/m^2^                                                 31.69±7.06     32.23±7.51                         31.54±6.85    30.63±6.11    \<0.001
  Smoking status                                                                                                                                         \<0.001
  Never                                                                    2821 (69.38)   1300 (67.53)                       952 (71.48)   569 (70.33)   
  Current                                                                  473 (11.63)    285 (14.81)                        117 (8.78)    71 (8.78)     
  Former                                                                   772 (18.99)    340 (17.66)                        263 (19.74)   169 (20.89)   
  Hypertension                                                             2351 (57.82)   1217 (63.22)                       729 (54.73)   405 (50.06)   \<0.001
  Diabetes mellitus                                                        805 (19.80)    453 (23.53)                        236 (17.72)   116 (14.34)   \<0.001
  Chronic obstructive pulmonary disease                                    322 (7.92)     187 (9.71)                         90 (6.76)     45 (5.56)     \<0.001
  Coronary heart disease                                                   190 (4.67)     107 (5.56)                         50 (3.75)     33 (4.08)     0.038
  Atrial fibrillation                                                      7 (0.17)       4 (0.21)                           1 (0.08)      2 (0.25)      \<0.001
  Chronic kidney disease                                                   186 (4.57)     103 (5.35)                         57 (4.28)     26 (3.21)     0.042
  Incident coronary heart disease[d](#jah32543-note-0006){ref-type="fn"}   127 (3.29)     77 (4.25)                          31 (2.43)     19 (2.45)     0.007

Data are presented as mean±SD or n (%). Physical activity is based on the American Heart Association Life\'s Simple 7.

Poor health is defined as 0 min of moderate and vigorous physical activity.

Intermediate health is defined as 1 to 149 min of moderate physical activity, 1 to 75 min of vigorous activity, or 1 to 149 min of combined moderate and vigorous physical activity.

Ideal health is defined as ≥150 min of moderate physical activity, ≥75 min of vigorous physical activity, or ≥150 min of combined moderate and vigorous physical activity.

Incident coronary heart disease excluding missing values (n=3862).

AHA indicates American Heart Association; JHS, Jackson Heart Study.

According to the duration of MVPA, 1925 of the 4066 participants had poor health (0 min/week), 1332 had intermediate health (1--149 min/week), and 809 had ideal health (≥150 min/week). Younger participants had higher minutes of MVPA. More smokers were in the poor health group compared with the intermediate and ideal health groups. The ideal health group had the fewest smokers.

The poor health group had the highest proportion of participants with hypertension; however, the proportion of those with hypertension in the intermediate and ideal health groups was substantial (\>50%). Like hypertension, the proportion of diabetic participants was highest in the poor health group. About 14% of the participants in the ideal health group had diabetes mellitus. More participants with COPD, CHD, atrial fibrillation, and chronic kidney disease were in the poor health group compared with the intermediate and ideal health groups.

Person‐Time and Incidence Rates {#jah32543-sec-0019}
-------------------------------

The highest proportion of participants with HFH was found in the poor health group, followed by the intermediate and ideal health groups, as shown in Table [2](#jah32543-tbl-0002){ref-type="table-wrap"}. There were 168 HFHs. The incidence rates for those with poor, intermediate, and ideal health were 10.75, 5.72, and 2.69 HFHs per 1000 person‐years, respectively, demonstrating a monotonically decreasing trend.

###### 

Incidence Rates Per 1000 Person‐Years of Incident HFH Across Physical Activity Levels

  Physical Activity     Person‐Years   Events   Incidence Rate   95% CI
  --------------------- -------------- -------- ---------------- -------------
  Eligible cohort       22 398         168      7.50             6.45--8.73
  Poor health           10 604         114      10.75            8.95--12.92
  Intermediate health   7338           42       5.72             4.23--7.75
  Ideal health          4457           12       2.69             1.53--4.74

HFH indicates Heart Failure Hospitalization.

Association of Physical Activity and HFH {#jah32543-sec-0020}
----------------------------------------

The cumulative hazard function curves are depicted in [Figure](#jah32543-fig-0001){ref-type="fig"}. The slope for poor health was steeper than the slopes for intermediate and ideal health at all times. The cumulative hazard for intermediate and ideal health were similar until approximately year 4, when the slope became steeper in the intermediate health group compared with the ideal health group.

![Depiction of the cumulative hazard (Nelson--Aalen estimator) of incident heart failure hospitalization by poor, intermediate, and ideal health. The difference in the survival functions across the 3 groups was statistically significant (log‐rank *P*\<0.001). Incident heart failure hospitalization hazard decreased from poor to intermediate to ideal health (*P* ~trend~\<0.001).](JAH3-6-e006107-g001){#jah32543-fig-0001}

The unadjusted, age and sex adjusted, and fully adjusted HRs of HFH are presented in Table [3](#jah32543-tbl-0003){ref-type="table-wrap"}. For all models, there was a significant (*P* ~trend~) dose response in risk reduction across levels of physical activity. The inverse relationship between minutes of MVPA and incident HFH was greatest for the ideal health group (unadjusted HR: 0.24; age and sex adjusted HR: 0.35; fully adjusted HR: 0.41) and remained statistically significant despite confounding adjustments. For the intermediate health MVPA group, the relationship was more modest (unadjusted HR: 0.52; age and sex adjusted HR: 0.70; fully adjusted HR: 0.74) and demonstrated statistical significance only in the unadjusted model compared with the poor health MVPA category. The HRs in the unadjusted and adjusted models did not appear to differ after accounting for competing risk of death (Table [S2](#jah32543-sup-0001){ref-type="supplementary-material"}). We did not find significant effect modification between MVPA and BMI or sex on incident HFH.

###### 

Unadjusted and Adjusted HRs of Incident HFH Across Physical Activity Levels

  Models                                                                                                                       HR (95% CI)         *P* ~trend~
  ---------------------------------------------------------------------------------------------------------------------------- ------------------- -------------
  Physical activity, crude                                                                                                                         \<0.001
  Poor health                                                                                                                  1.00 (Referent)     
  Intermediate health                                                                                                          0.52 (0.36--0.73)   
  Ideal health                                                                                                                 0.24 (0.13--0.44)   
  Physical activity, age, and sex                                                                                                                  \<0.001
  Poor health                                                                                                                  1.00 (Referent)     
  Intermediate health                                                                                                          0.70 (0.49--1.00)   
  Ideal health                                                                                                                 0.35 (0.19--0.64)   
  Physical activity, age, sex, BMI, smoking status, hypertension, COPD, CHD, atrial fibrillation, diabetes mellitus, and CKD                       0.003
  Poor health                                                                                                                  1.00 (Referent)     
  Intermediate health                                                                                                          0.74 (0.52--1.07)   
  Ideal health                                                                                                                 0.41 (0.22--0.74)   

BMI indicates body mass index; CHD, coronary heart disease; CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HFH, heart failure hospitalization; HR, hazard ratio.

Sensitivity Analyses and Mediation {#jah32543-sec-0021}
----------------------------------

Because of concerns about selection bias, we performed a sensitivity analysis including participants with both known and unknown ejection fractions, excluding those with reduced ejection fractions (n=161). The unadjusted and adjusted models with the inclusion of participants with unknown ejection fractions are presented in Table [4](#jah32543-tbl-0004){ref-type="table-wrap"}. Similar to the primary analysis, we saw an inverse dose‐response relationship between minutes of MVPA and incident HFH.

###### 

Sensitivity Analysis: Unadjusted and Adjusted HR of Incident HFH Across Physical Activity Levels in Participants With Normal and Unknown Ejection Fraction

  Models                                                                                                                   HR (95% CI)         *P* ~trend~
  ------------------------------------------------------------------------------------------------------------------------ ------------------- -------------
  Physical activity, crude                                                                                                                     \<0.001
  Poor health                                                                                                              1.00 (Referent)     
  Intermediate health                                                                                                      0.50 (0.37--0.72)   
  Ideal health                                                                                                             0.27 (0.16--0.48)   
  Physical activity, age, and sex                                                                                                              0.001
  Poor health                                                                                                              1.00 (Referent)     
  Intermediate health                                                                                                      0.70 (0.49--0.99)   
  Ideal health                                                                                                             0.40 (0.23--0.69)   
  Physical activity, age, sex, BMI, smoking status, hypertension, COPD, CHD, atrial fibrillation, diabetes mellitus, CKD                       0.005
  Poor health                                                                                                              1.00 (Referent)     
  Intermediate health                                                                                                      0.73 (0.51--1.05)   
  Ideal health                                                                                                             0.45 (0.26--0.79)   

BMI indicates body mass index; CHD, coronary heart disease; CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HFH, heart failure hospitalization; HR, hazard ratio.

The associations of intermediate and ideal health compared with poor health MVPA and incident HF were statistically significant (*P*\<0.001 for both). Their associations with incident CHD was also significant (*P*=0.012 and *P*=0.004, respectively). The association of incident CHD and incident HF was significant (*P*\<0.001). Finally, the association of intermediate and ideal health compared with poor health MVPA and incident HF adjusting for incident CHD remained significant (*P*\<0.001 for both). These findings suggest that the association of physical activity with incident HF may be partially mediated by incident CHD. In addition, adjusting for or excluding incident CHD attenuated the association between intermediate health MVPA and incident HF. However, for ideal health MVPA, the effect estimate decreased after adjusting for incident CHD, and it remained similar compared with the original analysis after excluding incident CHD (Table [S3](#jah32543-sup-0001){ref-type="supplementary-material"}).

In comparison with the effect estimates from the original analysis, excluding COPD or atrial fibrillation attenuated the association of intermediate health MVPA and incident HF. In the ideal health MVPA group, excluding COPD showed a modest decrease in the effect estimate, whereas excluding atrial fibrillation showed a larger reduction. (Table [S4](#jah32543-sup-0001){ref-type="supplementary-material"})

Discussion {#jah32543-sec-0022}
==========

This study of black men and women with normal ejection fractions and self‐reported HF demonstrated a dose response inverse relationship between minutes of moderate to vigorous physical activity and incident HFHs. The strongest association was found for the group that met national guidelines of ≥150 minutes of MVPA. The association of physical activity with incident HF was demonstrated to be partially mediated by incident CHD.

Our findings confirmed previous studies that higher physical activity level is associated with reducing the risk of presenting with HF. A recent meta‐analysis of 10 cohort studies (282 889 participants) found 28% risk reduction in the most physically active group compared with the least physically active group.[32](#jah32543-bib-0032){ref-type="ref"} There was no difference in risk between men and women. These effect estimates were similar to our findings.

The amount of improvement in physical activity required to reduce incident HF risk is unknown. However, an increase in activity level is likely to increase functional capacity, and higher functional status is associated with improved survival even in the presence of cardiovascular risk factors.[33](#jah32543-bib-0033){ref-type="ref"} From this we can speculate that improvement in physical activity may be associated with reduced risk of incident HF. Furthermore, other studies have shown an inverse dose‐response relationship between physical activity and risk of CHD and HF. Sattelmair et al observed that some physical activity was better than none and higher physical activity conferred more benefits in terms of reducing the risk of CHD.[34](#jah32543-bib-0034){ref-type="ref"} Pandey et al examined the quantitative dose‐response relationship between physical activity and HF risk. They also found an inverse linear dose‐response relationship, but a higher dose of physical activity above the minimum amount (500 min/week metabolic equivalent) recommended by guideline may be needed to significantly reduce the risk of incident HF compared with incident CHD.[35](#jah32543-bib-0035){ref-type="ref"} We also found a linear association between physical activity and incident HF, and findings from Pandey et al may explain our observation that ideal health MVPA was significantly associated with reduced risk of incident HF.

In terms of the difference in developing HFpEF compared with HFrEF with varying physical activity levels, studies in other populations have suggested that increased physical activity is associated with lower HFpEF and not HFrEF risk. Based on multivariable results from the Framingham Heart Study, higher physical activity index was associated with lower HF and HFpEF risk in older adults, whereas this association was attenuated in those with HFrEF.[11](#jah32543-bib-0011){ref-type="ref"} In a more recent study, which included participants from 3 cohort studies (Women\'s Health Initiative, Multi‐Ethnic Study of Atherosclerosis, and CHS \[Cardiovascular Health Study\]), any physical activity was not associated with HFrEF risk. Two times higher than the recommended minimum amount of physical activity was needed to demonstrate a reduction in HFpEF risk.[9](#jah32543-bib-0009){ref-type="ref"} These findings suggest that the management considerations are different for both types of HF. In addition, although HFpEF is associated with comorbid conditions that affect the heart such as obesity, hypertension, and diabetes mellitus, the benefits of physical activity for these conditions may possibly explain, in part, the effect of physical activity on HFpEF risk.

Several risk factors have been demonstrated to be associated with HF. He et al demonstrated in the NHANES I cohort of 13 643 men and women without history of HF that HF was associated with physical inactivity, male sex, less education, smoking, obesity, diabetes mellitus, hypertension, valvular heart disease, and CHD[10](#jah32543-bib-0010){ref-type="ref"}; however, that study included only a small proportion (13--15%) of black participants.

A few studies have examined sex‐specific association of physical activity and HF risk. Kenchaiah et al evaluated the association of vigorous physical activity and HF risk in men who participated in the Physicians\' Health Study.[13](#jah32543-bib-0013){ref-type="ref"} Vigorous physical activity was associated with an 18% reduction in HF risk. Like our study, interaction was not found among BMI, vigorous physical activity, and HF risk. Rahman et al examined the association between physical activity and HF in women.[36](#jah32543-bib-0036){ref-type="ref"} A cohort of 27 895 women was followed for 13 years. Moderate to high levels of physical activity were associated with 27% to 35% HF risk, depending on the type of activity. Agha et al demonstrated in the Women\'s Health Initiative that the health lifestyle score was associated with the risk of HF in postmenopausal women.[37](#jah32543-bib-0037){ref-type="ref"} The score incorporated several components that resemble good health, and a criterion was being physically active. Women who were somewhat active and highly active had a 23% and 31% decrease in HF risk, respectively, compared with those who were inactive. We did not find that sex confounded the relationship between physical activity and HF in our study.

Approximately 23% of the eligible participants in our study were ≥65 years old. Previous studies have demonstrated the protective effect of physical activity on HF risk in the elderly. Patel et al evaluated older adults aged ≥65 years in the CHS and their need for higher levels of physical activity to reduce incident HF risk.[38](#jah32543-bib-0038){ref-type="ref"} The CHS cohort was composed mainly of women, and 15% of the 5503 participants were black. After adjusting for age, sex, and race, medium and high physical activity compared with no physical activity were associated with significant reductions in incident HF risk (32% and 40%, respectively). The amount of risk reduction in the medium physical activity group was similar to our intermediate health group. In a more recent study, Kraigher‐Krainer et al evaluated 1142 older community participants in the Framingham Heart Study and found that physical activity was associated with reduced risk of incident HF. Their estimated HF risk in the age‐ and sex‐adjusted models of physical activity ranged from 0.68 to 0.57 for those who performed MVPA compared with those who were sedentary.[11](#jah32543-bib-0011){ref-type="ref"}

As discussed, only a few studies included black participants. The study that included the largest proportion of black participants was the one performed by Bell et al[39](#jah32543-bib-0039){ref-type="ref"} They investigated the relationship between physical activity and incident CVD defined as incident HF, stroke, or CHD. They included 10 018 white and 3707 black participants and followed this cohort for 21 years. After adjusting for confounders, they found 35% CVD risk reduction in the intermediate physical activity group and 41% reduction in the recommended physical activity group compared with the poor physical activity group among black participants. Similar risk reduction was found when examining HF incidence. There was no apparent difference in effect estimates between black and white participants. Two‐dimensional echocardiography was not available, and the study may have been confounded with participants having HFrEF.

The abovementioned studies used total duration of MVPA (work plus leisure time physical activity) as a measurement of activity intensity. Some studies have used other definitions of physical activity such as sedentary time and leisure time physical activity, which may better represent activity that provides cardiovascular protection. Andersen et al compared total and leisure time physical activity with regard to risk of HF.[40](#jah32543-bib-0040){ref-type="ref"} They included 39 805 Swedish participants. Both total and leisure time physical activity lowered HF risk, but leisure time activity had a greater effect compared with total physical activity level. With total physical activity, there was a ≈20% reduction in HF risk in those who were most active. With leisure time physical activity, there was about a 50% reduction in HF risk in those who were most active. Using the Copenhagen City Heart Study, Saevereid et al expanded on findings of leisure time activity to include speed and duration of walking and examined their association with subsequent hospitalization or death from HF.[41](#jah32543-bib-0041){ref-type="ref"} They found that light and moderate to high leisure time physical activity was associated with lowering HF risk by 25% and 20%, respectively. Walking speed was associated with greater reduction in HF risk compared with walking duration. In contrast with physical activity time, Young et al examined the association of sedentary time and HF risk in 82 695 men from the California Men\'s Health Study.[42](#jah32543-bib-0042){ref-type="ref"} The cohort was followed for 10 years. In addition to medium and low physical activity time, medium and high sedentary time increased HF risk. These studies also lack 2‐dimensional echocardiography data.

Limitations and Strengths {#jah32543-sec-0023}
-------------------------

An association between MVPA and HFH in black adults was present, but our study had a few limitations. Because HFH was adjudicated in 2005, left truncation of the data was present. This may be a limitation and a strength of our study. As a strength, assessment of MVPA and HFH at different time points provided temporal separation between the exposure and the outcome and made reverse causality highly unlikely.

In particular, those who had a sedentary lifestyle at baseline were at risk of developing HFpEF in the future. However, we were unable to determine whether those at baseline already had diastolic dysfunction due to unavailable tissue Doppler measurements, which, in turn, may restrict physical activity. In addition, pulmonary dysfunction, such as COPD, may also limit exercise capacity. We attempted to address reverse causation by performing sensitivity analyses accounting for incident CHD, COPD, or atrial fibrillation. We found that these risk factors attenuated the association of intermediate health MVPA and incident HF. In contrast, ideal health MVPA was associated with lower risk of incident HF. Consequently, incident CHD, COPD, and atrial fibrillation may be associated with incident HF and may limit the impact of the estimates, but our findings provided a notion that greater physical activity may be a potential early intervention in preventing HF in the black population.

The JHS cohort was recruited from a limited geographical area of Jackson, Mississippi. Black participants in that location may not represent black adults in other parts of the country, and our findings may not be generalizable.

MVPA was categorized based on self‐reported duration of activity over a week. Self‐report of physical activity has been shown to be prone to recall bias and may be a source of misclassification.[43](#jah32543-bib-0043){ref-type="ref"} AHA categories of poor and ideal health may be less prone to misclassification due to the extreme values for MVPA (0 minutes for poor health and ≥150 minutes of moderate physical activity, ≥75 minutes of vigorous physical activity, or ≥150 minutes of combined moderate and vigorous physical activity for ideal health). In contrast, because of a wide range of activity duration with a minimum value of 1 minute, the intermediate health group may contain some participants who were misclassified. Those who were sedentary may overestimate their activity level and be classified in the intermediate health group.

Last, other types of physical activity measurement such as type, speed, and duration of physical activity, leisure time, or sedentary time were not available. Consequently, we were not able to determine which type of activity was beneficial in the black population. Nonetheless, we defined physical activity based on a widely accepted method designed by the AHA.

Our study had several strengths. It is the first study to examine the relationship between MVPA and HFH in black participants with normal ejection fraction at the time of assessment of self‐reported physical activity. The JHS included a large cohort of black participants and collected multiple relevant variables for confounder adjustment. In addition, it acquired 2‐dimensional echocardiograms at the time of physical activity evaluation, assessed MVPA using a validated questionnaire (AHA Life\'s Simple 7), and adjudicated HFH events over several years.

Conclusion {#jah32543-sec-0024}
==========

Black adults are at risk to develop HF because they have a higher prevalence of associated risk factors, such as obesity, hypertension, and diabetes mellitus. Besides careful management of comorbid conditions, strategies for preventing HF are limited. Physical activity has been demonstrated to be beneficial in many chronic diseases. Its relationship to HF in the black population is understudied. In our study, we found that ideal and, to an extent, intermediate health MVPA was associated with reducing the risk of incident HF events in black adults with normal ejection fractions. Encouragement of MVPA for at‐risk black adults should be considered.
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